SYNOPSIS One hundred liver biopsies from 100 hepatitis patients were examined by the indirect immunofluorescent technique for the detection of HBsAg. Of the 60 positive specimens 52 were diagnosed as various types of chronic hepatitis and 8 were acute hepatitis. Four main distribution patterns of HBsAg were obtained: full cytoplasmic fluorescence with diffuse lobular distribution; cytoplasmic fluorescence with spotty distribution ;peripheral fluorescence in the cell membrane and/or cell peripheries; and focal cytoplasmic positivity. There was an inverse relationship between the number of positive hepatocytes and the extent of liver cell necrosis. The distribution patterns of HBsAg were distinctive in each type of chronic hepatitis and in acute hepatitis. Homogeneous full cytoplasmic fluorescence, distributed diffusely in the whole liver lobule, was observed in chronic persistent hepatitis and in cirrhosis with little activity whereas peripheral liver cell membrane and/or peripheral cytoplasmic fluorescence associated with cytoplasmic positivity in a smaller number of hepatocytes was a characterisitic finding in chronic aggressive hepatitis, active cirrhosis, and acute hepatitis with possible transition to chronicity. Focal cytoplasmic fluorescence was observed in acute hepatitis and in a group of biopsies in chronic hepatitis in which HBsAg was detected in the liver but no antigen was detectable in the serum. The results show that the different patterns of distribution of HBsAg in the liver biopsy are helpful for the histological diagnosis of different types of HBAg positive viral hepatitis and are consistent with the hypothesis of the role of specific immune response in the pathogenesis of type B viral hepatitis.
Acute and chronic viral hepatitis have distinctive histological features (Desmet, 1970) . In chronic hepatitis the amount of mononuclear cell infiltration in and around the portal fields and the extent of liver cell damage indicate the stage and the severity of the disease. On the other hand, predominant hepatocellular necrosis in the centrilobular area with less impressive portal infiltration, along with the accumulation of ceroid-containing macrophages, determine the stages of acute hepatitis (Bianchi et al, 1971) . Both acute and chronic viral hepatitis are associated with hepatitis B antigen (HBAg) (Blumberg et al, 1967; Prince, 1968) . The genesis of the diverse histological pictures of HBAg associated hepatitis is unknown but it has been postulated that this may be the result of varied host-virus interreacReceived for publication 26 August 1975 tions (Blumberg et al, 1970; Dudley et al, 1972) . On the basis of this hypothesis one would expect at least some variance in the pattern of intrahepatic localization of HBAg in various types of hepatitis B. In order to obtain some insight in the different patterns of localization and in the role played by HBAg in the development of various types of hepatitis, a prospective immunofluorescent study was performed on the liver biopsies of 100 patients with both acute and chronic hepatitis.
Material and Methods
One hundred liver biopsies from 100 hepatitis patients submitted to needle biopsy during the last two years were included in this study. The biopsies have been classified as outlined in the preceding paper (Ray et al, 1976) . The procedure for the collection of the biopsies, freezing, cutting, and processing for immunofluorescence have already been reported (Ray et al, 1974) .
The indirect immunofluorescent technique was applied for the detection of hepatitis B surface antigen (HBsAg) in the liver tissue; the technical details, including the application of different controls, were described earlier (Ray et al, 1974) . Specific anti HBsAg from rabbit (Behringwerk, Brussels) was obtained commercially. In immunodiffusion it gave reaction to identity with known HBsAg, and gave no reaction when tested for the presence of anticore (anti-HBcAg) in counter immunoelectrophoresis. Moreover, the antiserum gave no nuclear fluorescence when tested on a liver specimen known to contain core particles. Therefore, it was considered specific for HBsAg. Fluorescein-conjugated (FITC) anti rabbit globulins were obtained from Hyland (Brussels).
Results
Of the 100 biopsies with a histological diagnosis of hepatitis, 60 showed positive fluorescence for HBsAg, 52 cases of chronic hepatitis and 8 cases of acute hepatitis. Of the 52 chronic hepatitis cases, 40 had HBsAg in the serum, while this determination was negative in the remaining 12. The frequency of HBsAg in this group of hepatitis patients, as estimated by both immunofluorescence in the liver tissue and radioimmunoassay in the serum, and the clinical and biochemical correlations between the antigen positive and negative groups were the subject of a separate report (Ray et al, 1976) .
As described previously, HBsAg was found in the cytoplasm of the hepatocytes (Ray et al, 1974; Ray and Desmet, 1975 'Biopsies from patients negative for circulating HBsAg.
M. B. Ray, V. J. Desmet, J. Fevery, J. de Groote, A. F. Bradburne, and J. Desinytercytoplasm, corresponded to the 'groundglass appearance' in haematoxylin-eosin stained sections (Hadziyannis et al, 1973) . Of the six positive biopsies, four showed diffuse homogeneous cytoplasmic fluorescence; one of these also showed a positive cell membrane fluorescence over a significant part of the cell periphery. The remaining two biopsies, from patients who were negative for HBsAg in the serum, showed specific fluorescence restricted to only a small part of the cytoplasm (focal cytoplasmic fluorescence).
CHRONIC AGGRESSIVE HEPATITIS (CAH)
In this group of biopsies HBsAg was localized in liver cells with scattered distribution throughout the liver lobule. At the cellular level, the fluorescence was predominantly found in the cell membrane and sometimes encroached on part of the liver cell periphery. The number of fluorescent hepatocytes was strikingly less than in CPH. On most occasions, intracellular fluorescence was confined to only part of the hepatocytic cytoplasm contrary to the full cytoplasmic fluorescence found in CPH and in cirrhosis with little activity (fig 2) . The cytoplasmic fluorescence was dense and homogeneous in character. The intensity of the fluorescence in the cell membranes and in the cell periphery was strong and mostly granular. Intense fluorescence was restricted mainly to the sinusoidal pole of the hepatocytes. Of the 14 positive biopsies, 11 showed the characteristic scattered cell fluorescence (spotty distribution). Nine of these 11 biopsies also showed positive fluorescence in the cell membrane and/or cell peripheries. Only one biopsy showed diffuse cytoplasmic fluorescence. The two biopsies from patients who were negative for HBsAg in the serum but positive in the liver tissue showed focal cytoplasmic positivity.
CIRRHOSIS WITH LITTLE ACTIVITY
The distribution pattern of HBsAg in this group of biopsies was almost the same as that obtained in CPH. Diffuse homogeneous fluorescence was present in 80-90% of the hepatocytes in the cirrhotic nodules (fig 3) . In some cases fluorescent hepatocytes were present diffusely in one part of the biopsy but no positive cells were found in the remaining part. The intensity of the fluorescence was strong, and of similar appearance in the periphery and in the centre of the cirrhotic nodules. Three of the five positive biopsies showed diffuse cytoplasmic fluorescence, and the remaining two biopsies from serumnegative patients showed focal cytoplasmic fluorescence. No specific fluorescence was detected in the cell membranes.
ACTIVE CIRRHOSIS
In active cirrhosis the number of positive hepatocytes was noticeably lower than in cirrhosis with little activity, but higher than in CAH. The fluorescent hepatocytes were mostly unevenly distributed over the cirrhotic nodules. The fluorescence was often granular in character and of low intensity, contrary to the strong fluorescence observed in CAH (fig 4) . In most cases the liver cell membranes along with part of the peripheral cytoplasm were also positive. In a few instances the fluorescence appeared to be uniformly spread all over the hepatocytic cytoplasm. Of the 27 positive biopsies, 15 showed scattered cell fluorescence and all of them were also positive in the cell membrane and or peripheries. Seven biopsies, six of them from patients who were negative for HBsAg in the serum, showed focal cytoplasmic HBsAg containing hepatocytes were found only very rarely in the biopsies of the fully developed stage of acute hepatitis and in the residual and later stages of classical acute hepatitis. In the positive hepatocytes, the antigen was mostly restricted to the perinuclear area and fluorescence was very faint. All the five positive biopsies showed focal cytoplasmic fluorescence.
In acute hepatitis with signs of possible transition to chronicity the distribution patterns of HBsAg were almost the same as those obtained in CAH. In this group, the number of positive hepatocytes was small and the fluorescence in the cell membrane appeared stronger than that observed in CAH. Two of the three positive biopsies showed fluorescence only in the cell membrane (fig 6) and the remaining single biopsy showed a rare fluorescent cell without cell membrane positivity. 
Discussion
The present immunofluorescent study revealed distinctive distribution patterns of HBsAg in various types of acute and chronic hepatitis. Full cytoplasmic localization with diffuse distribution in the whole liver lobule was observed in the biopsies of CPH and cirrhosis with little activity where there was little or no actual liver cell damage. On the other hand, scattered cell fluorescence occupying variable portions of the hepatocytic cytoplasm and associated with striking hepatocytic membrane and/or peripheral cytoplasmic positivity were the characteristics of CAH and active cirrhosis. In acute hepatitis (with the exception of acute hepatitis with possible transition to chronicity) and in the group of positive biopsies from patients whose serum was negative for HBsAg, fluorescence was mostly found focally in the cytoplasm, either in the peninuclear area or elsewhere, in the form of small aggregates.
The different patterns of HBsAg distribution in hepatitis may be the outcome of varied host-virus interreactions (Blumberg et al, 1970; Dudley et al, 1972; Reed et al, 1974) . Such a hypothesis could explain, at least partially, the various reaction patterns of HBsAg observed in this study. The full cytoplasmic fluorescence with diffuse distribution in the whole liver lobule in CPH and cirrhosis with little activity indicates the presence of massive amounts of HBsAg; this may be due to inadequate or totally deficient clearance of the antigen by the host's immunological defence system. These cells apparently release HBsAg in the bloodstream, since HBsAg could be detected in the serum. The lack of cell membrane localization of HBsAg may prevent these cells from becoming target cells for the immune response. On the other hand, in CAH, active cirrhosis, and acute hepatitis with possible transition to chronicity the amount of antigen is found to be low at the cellular level. In these instances the immune response is adequate to clear most but not all antigen from the liver. The positive cells apparently continue to release HBsAg in the blood, since the antigen could be detected in the serum. The incorporation of HBsAg in the liver cell membranes or in the liver cell periphery may render these cells recognizable as target cells for the immune response, resulting in cellular necrosis and HBsAg elimination. The membrane expression of HBsAg may further be related to the assembly of Dane particles, since Dane particles (supposedly complete HB virus) are abundant in the serum of patients with CAH as compared to acute hepatitis (Nielsen et al, 1973) and are rare or absent in the serum of 'healthy' HBsAg carriers (Deutsch and Spence, 1972; Nielsen et al, 1972) .
In acute hepatitis, very little or no antigen was detected in the liver by immunofluorescence. Our observations and the work done elsewhere both by immunofluorescence (Krawczyfiski et al, 1972; Cerat et al, 1973; Gudat et al, 1975) and electronmicroscopy (Nelson et al, 1970; Caramia et al, 1972) show that HBsAg was rarely found in biopsies of acute hepatitis B. Although there is always a chance of 'sampling error' in liver biopsy studies, this finding is consistent with the hypothesis that the antigen, or antigen-positive cells, are completely cleared by a normally functioning specific immune system (Dudley et al, 1972) .
There is a remarkable correlation between the histological feature of 'piecemeal necrosis' (periportal hepatitis) (Popper and Schaffner, 1971) and liver cell membrane and/or periphery fluorescence for HBsAg. Both occur in acute hepatitis with possible transition to chronicity, CAH, and active cirrhosis. This finding suggests that there may be a causal relationship between the membrane expression of HBsAg on the liver cell periphery and the intralobular infiltration of mononuclear cells, supposed to be immunologically competent cells. The focal intracellular fluorescence in liver biopsies from patients with absence of HBsAg in the serum (some cases of CPH and CAH) may reflect intrahepatocytic presence of HBsAg without actual release of viral components in the bloodstream. This finding indicates that immunofluorescent detection of HBsAg in the liver tissue is a more reliable technique for identifying 'carriers' of HB virus than the search for HBsAg in the serum, even when using the most sensitive techniques like radioimmunoassay. The focal intracellular fluorescence in a few hepatocytes in patients with acute hepatitis (supposed to have an adequate immune system for clearance of HB virus) may represent the remaining positive liver cells which escaped destruction during the catastrophe of acute necrotizing hepatitis; the HBsAg was not expressed at the cell's periphery and hence they were not recognized as possible 'target cells'. Continuing HBsAg production and subsequent expression at the cell's periphery may be the mechanism involved in repeated attacks of relapsing hepatitis. This hypothesis would also imply that membrane expression of HBsAg in liver cells has occurred before the necrotizing episode of acute hepatitis. However, biopsies from patients in their incubation period were not available. The findings may further indicate a direct effect of the immune response on the distribution of HBsAg in the hepatocyte in situ. Evidence that immune interaction may influence the distribution of viral antigens in the infected cell has been obtained recently. Measles antigen in infected HeLa cells is redistributed by human measles antibody to concentrate in polar 'caps' at the cell membrane (Joseph and Oldstone, 1974; Lampert et al, 1975) . Although there are obvious differences between the replication cycles of measles and HB virus, it is tempting to speculate that immune redistribution of HB antigens in the infected cell might occur; in this respect, our finding that intense fluorescence in CAH was mainly restricted to the cell periphery of the hepatocyte could be pertinent.
Finally, whatever the explanation of this distinctive distribution of HBsAg in the liver tissue, these findings may be of considerable practical value for refining the histological diagnosis and prognosis in patients with various forms of type B hepatitis (Akeyama et al, 1974) .
